Isolates from Campylobacter jejuni-infected patients were collected and fresh poultry meat from retail sources was sampled during the same time period and within the same geographical area. The patients were interviewed about exposure to known risk factors, and a significant correlation between the presence of a poultry subtype in patients and the consumption of fresh poultry meat was observed.
Thermophilic Campylobacter spp. are the most common cause of reported bacterial gastroenteritis in Sweden and many other countries worldwide. In Sweden, domestically acquired Campylobacter infections are caused almost exclusively by C. jejuni (27) . Case control studies performed for the identification of infection sources have demonstrated that the consumption of poultry, unpasteurized milk, and untreated water and contact with pets such as dogs and cats and with food-producing animals such as cattle and poultry are common risk factors (7, 12, 13, 28, 31) . However, contradictory results have been reported by different case control studies. For example, eating chicken at home is usually cited as a risk factor, but in two studies, this behavior was found to be protective (1, 7) . Furthermore, the consumption of undercooked beef was identified as a risk factor in a recent French study, but the consumption of chicken was not (9) .
Comparing the subtypes of isolates from patients and suspected sources is a more direct way than the case control approach for determining whether a specific source constitutes an important transmission vehicle or not. Many studies have concluded that there is a substantial overlap of subtypes between patients and chickens but that the overlap is smaller for potential sources such as water, wild birds (black-headed gulls), wild mammals, sandy beaches, and cattle (4, 6, 14, 18, 24, 25) . However, making a direct correlation between the overlap of subtypes and the source of infection assumes that all subtypes are equal in terms of virulence and survival until the time of ingestion. It also excludes the possibility of a third, unidentified source transmitting Campylobacter to both the suspected source and humans.
In this study, called Campy-SET, we enhanced the surveillance of campylobacteriosis from 1 August to 31 October 2003 in three Swedish counties, Gävleborg, Ö rebro, and Halland. Patients from the hospital in Borås, in the county of Västra Götaland, were also included. These four counties are evenly distributed along a diagonal cross-section of southern Sweden, from the northeast to the southwest. Confirmed Campylobacter isolates recovered from stool samples at the participating hospitals were sent to the Swedish Institute for Infectious Disease Control. On arrival, the isolates were classified as C. jejuni or C. coli by PCR assays as described by Linton et al. (19) . Patients with domestically acquired Campylobacter infections were interviewed by telephone within a 2-week period after the onset of illness by using a standard questionnaire divided into the following sections: (i) illness and patient characteristics (4 questions), (ii) consumption and handling of poultry meat (14 questions), and (iii) contact with other potential infection sources (14 questions). A few patients received the questionnaire by post.
Participating hospitals reported 114 cases of campylobacteriosis to the national surveillance program SmiNet during the 3-month study period. Ninety-three (82%) of these cases were also reported to the Campy-SET study. The number of patients was evenly distributed among the four counties, with between 20 and 30% per county. A completed questionnaire and an associated isolate were obtained from 79 patients.
The gender distribution among patients was even (39 females and 40 males), and the median age was 39 years (range, 1 to 90 years). Patients aged 31 to 40 years constituted the largest group (n ϭ 15), and the next largest groups consisted of patients aged 51 to 60 years (n ϭ 14) and those aged 41 to 50 years (n ϭ 13). Five patients were children aged 1 to 10 years. The duration of clinical symptoms was up to 10 days for 48 patients. Fifteen patients had symptoms lasting between 11 and 20 days, and 13 patients were ill for more than 20 days. Four patients with symptoms lasting between 11 and 20 days were still ill when the questionnaire was filled out, and three patients did not state the number of days with symptoms. In Sweden, Campylobacter infection is a reportable communicable disease, and cross comparison of data revealed that the gender and age group distributions recorded in the Campy-SET study were similar to those reported in the mandatory system.
The food standards agencies of the main municipal authorities in the participating counties sampled fresh poultry products from retail sources every week between 27 July and 25 October 2003. The sampling staff was instructed to avoid collecting samples that could be suspected to originate from the same slaughter group (those stamped with the same branches and dates). Identical analytical methods were applied to all samples, but the analyses were carried out in different commercial laboratories employed by the different municipal authorities. In brief, the whole meat sample was transferred into a sterile plastic bag, and a volume of peptone water corresponding to half the weight of the sample was added. After the plastic bag was manually shaken three times for 30 s each time, 1 ml of the rinse fluid was spread onto a large (14-cmdiameter) modified charcoal cefoperazone deoxycholate agar plate and 0.1 ml of the fluid and a serial dilution thereof were spread onto normal-sized (9-cm-diameter) modified charcoal cefoperazone deoxycholate agar plates. The plates were incubated in a microaerophilic atmosphere created by gas packs at 42°C for 48 h. Colonies with a Campylobacter-like appearance and with cells displaying the typical corkscrew-like movement under the microscope were sent to the National Food Administration. On arrival, the isolates were classified as thermophilic Campylobacter and C. jejuni by PCR assays (8, 23) .
In total, 458 fresh poultry products were collected from retail stores during the 3 months of sampling. Campylobacter spp. were detected in 101 (25%) of 397 chicken products. The spreading of 1 ml of chicken rinse fluid onto a large plate increases the sensitivity to the level obtained by enrichment (16) . The observed prevalence is in agreement with the results of a Swedish surveillance study conducted in 2000, in which the prevalence in fresh chicken meat from retail sources sampled from June to October 2000 was found to be 22% (2). Approximately 50% of the chicken samples were whole carcasses, and the other 50% were evenly divided among breast fillets and other products. The majority (85%) of the chicken products were from the three largest slaughterhouses in Sweden. The prevalence of Campylobacter spp. varied significantly (chisquare test; P Ͻ 0.05) among these three slaughterhouses, at 33, 20, and 14%. Similar differences among these slaughterhouses have been observed previously within the national Campylobacter surveillance program in Sweden, in which almost all slaughter groups are tested upon arrival at slaughterhouses. Thus, differences in contamination levels were probably due mainly to differences in prevalence among slaughter groups rather than differences in slaughter hygiene. This finding is also in agreement with the results of another Swedish study in which the prevalence in slaughter groups was found to be related to the prevalence on carcasses postchilling (15) . No significant difference (chi-square test; P Ͼ 0.05) in prevalence among the following categories of chicken products from the slaughterhouse with the most positive samples was observed: fillets (n ϭ 65), whole carcasses (n ϭ 34), drumsticks (n ϭ 32), and spiced/marinated products (n ϭ 18). The 11 most contaminated products carried concentrations between 101 and 1,000 CFU/g and were not clustered according to a specific slaughterhouse or product category. Half the positive samples had concentrations equal to or less than 10 CFU/g. Only 1 (1.6%) of 61 samples of turkey meat tested was culture positive for Campylobacter spp., a result similar to those of an earlier Swedish study in which 4 of 111 turkey samples from retail sources were positive. A Danish study from 1997 found the percentages of Campylobacter-contaminated turkey and chicken products at retail stores to be similar, 29 and 25%, respectively (22) . Studies in the United States and Ireland revealed that the prevalence of Campylobacter spp. in turkey products was lower than that in chicken, although the prevalences in turkey products in both studies were over 35% (20, 30) . Recently, a Canadian study reported a higher prevalence in turkey flocks (46%) than in broiler flocks (37%) (3). It is still unclear whether a low infection rate during breeding or good hygiene practices during slaughter are the main reason for the low prevalence on turkey meat in Sweden.
In total, 89 patient isolates and 94 poultry isolates were typed by SmaI digestion and pulsed-field gel electrophoresis (PFGE) as described in the Campynet protocol (http: //campynet.vetinst.dk). The PFGE analysis generated 51 pulsotypes, of which 13 (groups A to N) included isolates from both patients and poultry. These 13 pulsotypes comprised the majority of the isolates from both patients and poultry (Fig.  1A) . The number of patient isolates with a pulsotype matching that of a poultry isolate was reduced from 72 to 44 after the use of a second restriction enzyme (KpnI) as described by Lindmark et al. (18) (Fig. 1B) . Similarly, KpnI cleavage reduced the number of poultry isolates with a pulsotype matching that of a patient isolate from 69 to 41. This degree of overlap between pulsotypes of human and chicken isolates is similar to previously reported values (14, 18) .
The vast majority of isolates within some groups, e.g., C and D, were also indistinguishable after cleavage with KpnI, whereas many isolates in other groups, e.g., A and G, displayed different pulsotypes after cleavage with KpnI. The indistinguishable isolates in groups C and D, comprising 16 and 18 isolates, respectively, were evenly distributed among the four participating counties. Chicken and patient isolates of both pulsotypes C and D were found in the four counties, with the exception of Ö rebro, where no chicken isolate of pulsotype C was found. Isolates from both groups C and D were present in chickens slaughtered during each of the three months of sampling. Similarly, onsets of disease in patients carrying isolates of these two groups occurred during each of these three months.
The usefulness of genetic subtyping methods such as PFGE has been questioned due to the low degree of clonality within the species. Using antibiotic resistance genes, de Boer et al. (5) showed that DNA is easily exchanged between both homologous and heterologous C. jejuni strains. However, PFGE profiles can be very stable during a large number of passages in vitro as well as in vivo (21) . There are also reports showing that most strains display a stable PFGE profile along the food chain but that in rare cases frequent recombination occurs, giving rise to numerous PFGE profiles (10, 17, 29) . The generation of new PFGE profiles seems to be favored when the host is infected with more than one strain, and thus, interrecombination rather than intrarecombination seems to occur (5, 17) . The evidence for genetic stability is also supported by the results of a Finnish study, which found the same PFGE profiles in strains collected in three different years (11) . Similarly, the major PFGE groups in the present study were also found in an earlier Swedish study that analyzed 177 isolates collected in 2000 from retail meat products (mostly chicken), patients, and water (18) . In fact, the five major PFGE groups from that study were all among the six largest groups in the Campy-SET study. Thus, the relative proportions of different PFGE groups seem to be fairly stable over time, at least in chickens and humans. It can be speculated that C. jejuni frequently recombines under certain conditions but that most of the new genotypes have reduced fitness and consequently disappear. Overall, it seems likely that PFGE profiles in most cases remain stable from the time of introduction into a broiler flock to the point of recovery from a patient, especially in regions where broiler flocks are rarely infected with more than one strain. We previously tested whether identical pulsotypes obtained after cleavage with SmaI and KpnI reflect true genetic relatedness (26) . Indistinguishable human and chicken isolates were compared by using microarray-based comparative genomic hybridizations. One human and one chicken isolate from each of groups B, C, D, and H and two human and two chicken isolates from group A were tested. The microarray data clustered all but one isolate according to the five groups determined by PFGE. The exception was one of the human isolates in group A, which according to the comparative genomic hybridization analysis was more closely related to the isolates in group C than to the other three isolates in group A. Multilocus sequence typing revealed that the isolates in both groups were of the same sequence type (ST21). For group A, the production dates for the two chicken isolates matched and, of the two human isolates, the isolate more closely related to the chicken isolates was from a patient who became ill 14 days after the production date. The onset of disease in the second patient occurred 2 1 ⁄2 months after the production date, indicating that the source of infection was not the present broiler flock. Overall, it seems that PFGE results reflect true genetic relatedness but that the discriminatory power is sometimes limited to perfectly clustered isolates that are closely related.
According to the questionnaires, 52 patients had consumed chicken during the 2 weeks before the onset of disease and 23 of these patients had consumed a dish cooked using fresh chicken (raw or marinated). Twenty-two patients had not eaten chicken, and five could not recall their consumption histories. Figure 2 shows the proportions of patients within three consumption categories (consumption of fresh chicken, consumption of other chicken [frozen, barbequed before retail sale, or not specified], and no consumption of chicken) carrying an isolate matching a poultry isolate. The proportion of patients in the fresh-chicken consumption category with isolate pulsotypes matching those of chicken isolates was significantly higher than the proportion in the no-chicken consumption category (chi-2 test; P Ͻ 0.05). This correlation was not seen with data generated only with SmaI. PFGE group H consisted of isolates from four of the five patients infected with a chicken subtype but reporting no contact with poultry (through cooking or eating), isolates from two patients reporting consumption of chicken, and two chicken isolates. The two chicken isolates were obtained from chicken products produced the same day at the same slaughterhouse. The production date for the chicken samples and the dates of the onset of disease in the patients infected with group H isolates indicated that the immediate slaughter group was not the infection source. The patients were from three different counties, and the dates of disease onset were not clustered but spread over 2 1 ⁄2 months. In addition, a separate group of five indistinguishable human isolates from PFGE group A was formed after digestion with KpnI. The corresponding patients were from three different counties, and the dates of disease onset in four of the patients were similar. Only one of these patients reported the consumption of fresh chicken in the fortnight before the onset of illness. Thus, it seems likely that the patients with isolates in groups A and H were infected through a transmission route other than chicken. The questionnaire data did not indicate any common plausible infection source, e.g., pets, unpasteurized milk, or untreated water, etc., for the patients.
The proportion of patients infected with nonchicken subtypes was higher for patients with any of the risk factors other than chicken consumption included in the questionnaire, but the difference was not statistically significant (Table 1) . Daily contact with cattle or pigs was recorded for four patients, and they all carried a nonchicken subtype. Three of these patients also lived on a farm. Tentatively, using controls and subtracting the number of patients infected with a poultry subtype may enhance the possibility of identifying infection sources other   FIG. 2 . Distributions of chicken and nonchicken subtypes within the patient groups, those who had consumed fresh chicken, those who had consumed other chicken, and those who had consumed no chicken. There is sharp seasonal variation in Campylobacter incidence in both chickens and humans in Sweden. During winter, Swedish broiler flocks are almost free of Campylobacter spp. and the number of reported domestic cases of campylobacteriosis is approximately 50 per month. During July and August, 30 to 40% of broiler flocks are contaminated with Campylobacter spp. and the number of reported domestic campylobacteriosis cases is around 500 per month. By itself, this pattern may indicate that humans acquire Campylobacter spp. from eating fresh chicken meat or that both humans and broilers become infected from a third, hitherto unidentified source. The clear finding that the consumption of fresh chicken is correlated with infection by a subtype present in chicken meat points to chicken as an important infection source. This correlation opens up the possibility of a connection between some nonchicken subtypes and other risk factors. Such a connection was indicated by the fact that patients reporting these potential risk factors (having daily contact with a dog or cat, drinking untreated water or unpasteurized milk, and living on a farm) had a higher frequency of infection with nonchicken subtypes than patients who did not report these risk factors.
To our knowledge, this is the first study in which the subtyping of isolates collected from patients and a food item in a coordinated program has been combined with the use of a questionnaire. Although performed on a pilot scale here, we believe that this type of study can be fruitfully applied for the investigation of risk factors other than the consumption of chicken.
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